Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



0 Publication number: 



0 369 579 

Al 



(§) EUROPEAN PATENT APPLICATION 

0 Application number: 89308312.1 0 Int CIA. B60R 21/26 

BEST AV Ail ARI F COPY 



@ Date of filing: 16.08.89 



<£) Priority: 16.09.88 US 246065 

© Date of publication of application: 
2ao&90 Bulletin 90/21 

® Designated Contracting States: 
DE ES FR GB IT 



© Applicant: TALLEY AUTOIWOTIVE PRODUCTS, 
INC. 

2800 North 44th Street 
Phoenix Arizona 85008(US) 

@ Inventor: Cuevas, Jess 
8831 East Sage Drive 
Scottsdaie Arizona 85253(US) 



0 Representative: Jones, Andree Zena et al 
CRUIKSHANK & FAIRWEATHER 19 Royal 
Exchange Square 
Glasgow, G1 3AE Scotiand(GB) 



0 Lightweight non-welded gas generator with rolled spun Hp. 



@ A non-welded pyrotechnic gas-generating inflator 
(10) apparatus which comprises: a domed diffuser 
member (12), open at one end; a closure plate 
member (15) sealing the open end of the diffuser 
member (12), the members being mechanically seal- 
ed by rolling a peripheral lip portion (14) of the 
diffuser memljer (12) over the outer circumference 
edge of the closure plate member at an angle of 
about 180 degrees to a remaining lateral wall portion 
of the diffuser member, and inserting a locking ring 
member (16) against a bottom surface of the closure 
member (15) within the periphery of the rolled lip. 
the locking ring being configured to engage an inner 
terminal edge portion of the lip. thereby fonning a 
1" sealed inflator housing; a sufficient amount of a 
^combustible gas generant material (26) within said 
housing (10) to produce, upon the combustion there- 
^of, a volume of a gaseous product sufficient to 
^substantially inflate an automobile air bag within 
OJ about 30-60 milliseconds; a combustion initiating de- 
CD vice (28) positioned within the housing (10) adjacent 
•**the gas generant (26) and a filter assembly (38) for 
©filtering the combustion product prior to Its discharge 
jv from the inflator (10). the filter assembly (38) circum- 
mferentially surrounding the gas generant (26) within 
the housing (10). In fabricating the inflator, the filter 
assembly (38) Is simply lowered into position within 



the diffuser (12) and the propellent (26) is lowered 
into the filter cavity. Subsequently, the closure mem- 
ber (15) is mated to the open end of the diffuser and 
the lip of the diffuser is rolled over the outer edge of 
the closure by a rotating mechanical head in the 
area where they overlap to form a seal there- 
between. 
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tlGHTWEIGHT NON-WELDED GAS GENERATOR WITH ROLLED SPUN LIP 



Technical Field 

The invention relates to automobile passive 
restraint safety devices and more particularly, to a 
lightweight pyrotechnic gas generator unit for inflat- 
ing automobile air bags, wherein the unit is joined 
without the use of welds and/or rivets. 



Background of the Invention 

Large numbers of people are killed or injured 
annually in automobile accidents wherein the driver 
and/or passengers are thrown forward so as to 
impact against solid surfaces within the vehicle. 
There has thus been considerable impetus toward 
development of passive restraint systems for use 
with these vehicles. One system which has been 
extensively investigated senses rapid deceleration 
of the vehicle such as that which occurs upon a 
primary impact between an automobile and, for 
example, another car. This system thus initiates 
inflation of a bag between the interior surface of the 
car and the vehicle occupant prior to the occur- 
rence of any secondary collision between the driver 
and/or passengers and the interior of the car. Infla- 
tion of the bag must therefore occur within millisec- 
onds of the primary impact, in order to restrain any 
occupants before they are injured due to secon- 
dary coHisions against the solid surfaces within the 
vehicle. 

Moreover, it is further desirable to deflate the 
bag as soon as the impact of a crash is completed, 
so that the occupant is not trapped within the 
vehicle by an inflated bag. ft is also necessary to 
deflate the bag rapidly so that, in case of acciden- 
tal inflation, the restraint upon the person driving 
the automobile is sufficiently short that they do not 
lose control of the vehicle. In order to meet such 
criteria, specifications have been established 
whereby a bag should be inflated sufficiently to 
restrain an occupant in about 30-60 milliseconds 
after initiation, with substantial deflation occurring 
after about 100 milliseconds. 

One of the problems with providing such a 
passive restraint system for protecting the driver of 
the automobile during a crash is how to arrange 
and position the device upon the steering column. 
For reasons of styling and consumer acceptance, 
as well as not interfering with the driver's move- 
ment or vision of the instrument panel, and so as 
not to degrade the vehicle's steering dynamics, It 
is desirable to arrange the crash restraint apparatus 
as conveniently as possible, and yet have It posi- 
tioned so that It effectively accomplishes Its in- 



tended protective function. Further, since an inflat- 
ing device for such a crash restraint system must 
be capable of discharging a relatively large volume 
of gas in a very short period of time (e.g., 30-60 

5 milliseconds), there are safety considerations not 
only in the deployment of the inflator within the 
automobile, but also with regard to handling, install- 
ing, replacing and repairing such inflating devices. 
In addition, in the particular case of a driver's 

10 side, i,e.. steering wheel, installation, the utilization 
of an inflator apparatus with a low weight is impor- 
tant for several reasons. Rrst, the wheel assembly 
is in a cantilevered position at the end of the 
steering column. Therefore, the additional weight 

IS placed upon the wheel assembly can cause exces- 
sive column whip attributable to vertical accelera- 
tions due to road shocks (e.g.. bumps or chuck- 
holes) which can lead to degraded, or possibly a 
loss, of driver control. Secondly, if for reasons such 

20 as styling or driver vision line clearance, the inflator 
is required to be located asymmetrically with re- 
spect to the steering column centerline, any exces- 
sive weight attributable to this device will create 
resistive wheel turning torque, thus degrading tiie 

25 rotational dynamics of the steering assembly and 
providing potential for loss of driver control or other 
unusual or undesirable vehicle handling "feer un- 
der certain driving conditions. 

Moreover, the recent emphasis on weight re- 

30 duction for the purpose of fuel conservation in 
motorized vehicles, has created a need and a de- 
mand for a lighter weight inflation system. This Is 
of particular importance In a crash protection sys- 
tem for tiie driver wherein the Inflator is mounted 

35 on the vehicle's steering wheel as discussed 
above. The availability of a lighter weight inflator for 
installation at this location further enables a reduc- 
tion to be made in the weight of the vehicle's 
steering wheel and the steering column on which 

40 the Inflator is mounted, providing a concurrent im- 
provement in the "steerabllity" of the automobile. 

In this regard, some recentiy introduced Inflator 
devices utilize aluminum casing materials. The use 
of lighter materials such as aluminum in tiie con- 

45 struction of automobile air bag Inflators, however, 
creates certain difficulties In that techniques need 
to be developed for rapidly connecting components 
formed of this material together In such a way as to 
ensure the formation of a seal therebetween which 

50 is capable of resisting the high internal pressures 
produced when the gas generant is ignited during 
the inflation cycle. 

As noted above, there are in the prior art 
various devices which cause a protective bag to 
inflate in front of an automobile drh/er or passenger 
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in the event of an accident to cushion the innpact 
with the steering wheel, dashboard or other interior 
vehicle surface. Usually the device is activated by 
an inertial switch responsive to a primary crash 
impact. This inertia! switch in turn causes an infla- 
tor apparatus to quickly inflate a collapsed bag into 
a protective position in front of the driver or pas- 
senger. 

The inflating gas is generally supplied either 
from a source of compressed air or other com- 
pressed gas, such as shown in Chute, U.S. Pat. 
No. 3,411,808 and Wissing et al., U.S. Pat No. 
3.413.013, and a number of other patents in the 
crash restraint field. In several other prior art pat- 
ents (e.g., 3.880.447 to Thorn et al.; 4,068.862 to 
Ishf et a!.; 4.711,466 to Breed; and 4,547,342; 
4,561,675 and 4,722,551 to Adams et al.). the bag 
is inflated by igniting a pyrotechnic propellant com- 
position and directing the gaseous combustion pro- 
ducts produced thereby directly into the bag. 

The first technique discussed above for inflat- 
ing an air bag requires a reservoir of gas stored at 
a very high pressure, which may be discharged 
into the bag as soon as an impact is sensed. In 
order to obtain a sufficient volume of gas for inflat- 
ing a vehicle occupant restraint bag, however, a 
relatively large reservoir of gas, at pressures of 
3000 psi or more Is required. To open the gas 
reservoir in the very short time interval required for 
ensuring the safety of the vehicle occupants, explo- 
sive arrangements have been employed In the prior 
art for bursting a diaphragm or cutting through a 
structural portion of the reservoir. Such explosive 
arrangements have significant inherent safety prob- 
lems, such as the production of shrapnel by the 
explosion, as well as the relatively high sound level 
reached within the passenger compartment due to 
the explosion. The psychological factor of having 
these explosives in each automobile also cannot be 
ignored. 

The gas bottle (i.e.. reservoir) technique for 
inflating an air bag also suffers from an additional 
disadvantage in that the gas pressure is highest at 
the commencement of bag deployment and de- 
creases as a function of time as the gas in the 
storage reservoir is depleted. IVloreover, the 
pressure/time history of such pressurized gas infla- 
tor devices is difficult if not impossible to control at 
reasonable cost and reliability. Further, the pressur- 
ized gas technique is undesirable since a minor 
leak can result in all of the gas being lost during 
the long period that the passenger restraint system 
may remain in the automobile prior to its deploy- 
ment in a crash. 

In addition, the adiabatic cooling of the gas as 
it expands from a storage condition of elevated 
pressure to the neariy ambient pressure of the 
inflatable bag reduces the effective volume of the 



gas available for inflating the bag. This cooling 
effect thus requires the manufacturer of the device 
to provide a total gas storage volume significantly 
greater than if the gas was initially stored at an 

5 elevated temperature. 

The second technique discussed above em- 
ploys a pyrotechnic gas generator having a rapidly 
burning propellant composition stored therein for 
producing substantial volumes of hot gaseous pro- 

10 ducts which are then directed into the inflatable 
bag. Some compositions are available which pro- 
duce a sufficiently low temperature combustion gas 
such that the gas may be directed substantially 
directly into the bag without danger to the vehicle's 

75 occupants. Other systems produce a high tempera- 
ture combustion product requiring means for cool- 
ing the gas before it Is introduced into the bag. 

iVIany forms of gas generators or inflators utiliz- 
ing combustible solid fuel gas generating composi- 

20 tions for the inflation of crash protection, i.e.. "air 
bag", restraint systems are known in the prior art. 
Commonly encountered features among generators 
utilized for this purpose include: (1) an outer metal 
housing. (2) a gas generant composition located 

25 within the housing, (3) means to ignite the gas 
generant responsive to a signal received from a 
sensor positioned at a location removed from the 
inflator. and (4) means to filter and to cool the gas. 
positioned between the propellant composition and 

30 a plurality of gas discharge orifices defined by the 
generator housing. 

One such gas generator includes an annular 
combustion chamber which is bounded by a weld- 
ed outer casing or housing structure. The combus- 

35 tion chamber encloses a rupturable container or 
cartridge that is henmetlcally sealed and which con- 
tains a solid gas generant in palletized form, sur- 
rounded by an annular filter assembly. The device 
further includes a central ignition or initiator zone 

40 and a toroidal filter chamber adjoining and encir- 
cling the combustion chamber. An inner casing or 
housing structure is located In close surrounding 
and supporting relationship to the rupturable con- 
tainer, the inner casing being formed by a cylinder 

45 having uniformly spaced peripheral ports or orifices 
near one end. These orifices provide exit holes to 
facilitate the flow of gas from the combustion 
chamber. 

Altemately, inflator devices are constructed 
60 comprising first and second structural components 
or shells, i.e., specifically, a first diffuser shell and a 
second base shell. Both shells are forged and heat 
treated, after which they undergo machining to 
obtain a proper fit therebetween. The first structural 
55 component, i.e., the diffuser shell, comprises three 
integral concentric cylinders. These cylinders form 
the inner structural walls of the inflator and define 
chambers therein containing the solid gas gener- 
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ant. the ignition means and the filter assembly. The 
cylinder walls further define exit openings or ports 
for the passage of the gases between adjacent 
Chambers and subsequently out of the inf later and 
into the protective air bag. 

The second structural component, i.e., the 
base shell, is equipped with an initiator device, i.e., 
an electrical squib, for igniting the main propellant 
charge. A flange may also be provided around the 
outer periphery of the base shell for attaching an 
air bag thereto. The base shell further comprises 
three additional concentric mating surfaces cor- 
responding to the concentric cylinders of the dif- 
fuser shell. The three concentric cylinders of the 
diffuser shell are thus mated to corresponding con- 
centric mating surfaces located upon the base shell 
by a process such as inertia welding. 

As noted above, gas filtration systems are nor- 
mally included within generators of the type de- 
scribed above, to coo! the gas and to remove from 
the gas flow the particulate products produced as a 
result of the combustion of the pyrotechnic ma- 
teriat. niters included in prior art gas generators of 
the type described above ordinarily comprise a 
series of zones or chambers containing layers of 
metal screen material having a variety of mesh 
sizes and/or one or more layers of an inert fiber. 
These filter components are typically separated 
from the central combustion chamber by thick sup- 
port walls, which are required in this type of gener- 
ator construction to withstand the elevated pres- 
sures produced during the ignition and combustion 
of the gas generant. A plurality of openings or ports 
are provided in these vyalis, through which the gas 
must pass in order to reach the filtration zone. 
JVIoreover, some sort of dip or pedestal arrange- 
ment within the filtration zone is normally required 
to maintain the plurality of screens, pads, etc. in 
proper position and alignment 

Gas generators must withstand enormous ther- 
mal and mechanical stresses for a short period 
during the gas generation process. Thus, many of 
the infiators that have been and are currently being 
used with automobile air bag devices are fabricated 
using heavy gauge steel for the casing and other 
structural housing components, with these compo- 
nents being joined together by. for example, screw 
threads, crimping or welding. More specifically, 
each of the gas generator units presently in com- 
mercial production is assembled and sealed with, 
for example, the use of some form of welding 
technique, such as inertia welding or electron beam 
welding. 



Summary of the Invention 

It is thus an object of the present invention to 



provide a simplified inflator apparatus comprised of 
a minimum number of inexpensive components 
which are adapted to facilitate rapid rotobic assem- 
bly. 

6 It is a further object of the invention to provide 

an inflator constructed of a durable lightweight ma- 
terial such as aluminum, titanium or certain stain- 
less steels in order to reduce the weight of the 
device in comparison to models currently produced 

10 using heavy steel components. 

Another object of the present invention is to 
provide an inflator device having a reduced diam- 
eter due to the utilization of a unique dome-shaped 
housing configuration so as to maximize- the avail- 

15, able unused spaced within the automobile steering 
apparatus. 

It is a still further object of the present inven- 
tion to provide a gas generator for inflating an 
automobile passive restraint "air bag" device 

20 wherein the generator housing is structurally sealed 
by rolling a lower lip portion of the diffuser over the 
outer peripheral edge of the closure member 
mated therewith for sealing the open end of the 
diffuser, without the need for welding these compo- 

25 nents together. This obviates the attendant time- 
consuming and expensive inspection procedures 
currently required to determine the integrity of such 
welds. 

The present invention thus comprises a sealed 

30 Inflator, Le., gas generator, apparatus adapted for 
providing a sufficient amount of a gaseous product 
by the combustion of a pyrotechnic composition 
stored within the housing thereof for substantially 
inflating an automobile air device in an interval of 

35 between about 30-60 milliseconds. This period ap- 
proximates the time between the occurrence of a 
primary collision between the vehicle and, for ex- 
ample, a second car and a secondary collision 
occurring between the occupants of the automobile 

40 and the interior suriaces thereof, which occurs as a 
direct result of the primary collision. 

The subject inflator apparatus is comprised of 
a small number. i.e.. six. component parts in com- 
parison to other prior art devices utilized for the 

45 same purpose which can contain on the order of 
about 15-30 parts. These components include: (1) 
a domed diffuser shell which Is open at one end: 
(2) a fiat closure memter sealing the open end of 
the diffuser shell. (3) an annular filter assembly unit 

50 positioned within the diffuser adjacent an inner 
surface thereof; (4) a propellant assembly posi- 
tioned within the cavity formed by the filter assem- 
bly, (5) an initiator device, i.e., an electrically ac- 
tuated squib, for initiating combustion of the propei- 

55 lant assembly, and (6) a metal locking ring config- 
ured to maintain a rolled lip portion of the diffuser 
member in position against the outer peripheral 
edge of the closure member. 
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The initiating squib Is normally connected to 
one or more remote sensors located upon the body 
portion of the vehicle, which are adapted for sens- 
ing a primary impact and signalling the occurrence 
of the collision to the squib, thus initiating a chain 
of combustion reactions which culminates in the 
inflation and deployment within the vehicle of a 
protective air bag. That is, upon actuation of the 
sensor, the propellant in the squib is ignited which, 
in turn, sets off an "enhancer" pacl<et of a relatively 
fast-burning propellant composition (e.g. BKNO3), 
optionally combined with an auto-ignition material, 
which produces sufficient heat to ignite the main 
propellant charge. The gaseous combustion pro- 
ducts produced by this reaction are subsequently 
filtered and cooled and directed into the air bag. 

Construction of the present inflator device com- 
prises, as a first step, lowering a pre-fabricated 
annular filter assembly into the open end of the 
domed diffuser member. The propellant assembly 
is then lowered into the cavity defined by the filter 
assembly. The closure member is subsequently 
lowered into the open end of the diffuser and the 
lower lip of the former is then rolled over the outer 
peripheral edge of the latter by a rotating mechani- 
cal head to provide a structural seal therebetween. 



Brief Description of the Drawings 

FIG. 1 is a perspective view of a partially 
assembled inflator apparatus constructed according 
to the present Invention; 

FIG. 2 is a side elevation view, partially in 
section, of the partially assembled inflator appara- 
tus of FIG. 1: 

FIG. 3 is a bottom plan view of applicants 
fully assembled inflator apparatus; 

FIG. 4 is a partial sectional view of a portion 
of the rolled spun lip arrangement relied upon for 
sealing applicant's Inflator apparatus; 

FIG. 5 is an exploded view of a frame por- 
tion of a filter assembly for use with the inflator of 
FIG. 1; 

FIG. 6 is a top plan view of the subject fitter 
assembly; 

FIG. 7 is a perspective view of the filter 
assembly of FIG. 6; and 

FIG. 8 Is a sectional view taken along the 
line 8-8 of FIG. 7 

Detailed Description of the Preferred Embodiments 

Referring initially to FIG. 1 there is illustrated a 
partially assembled air bag Inflator apparatus 10. 
Inflator 10 Is comprised of six main components, 
not all of which are visible in FIG. 1, which are 
designed and adapted for simple robotic assembly. 



These components include: (a) a domed diffuser 
member, which is open at one end; (b) a closure 
plate member configured to seal the open end of 
the diffuser. thus forming, with the diffuser, an 

5 inflator housing; (c) a measured quantity of a py- 
rotechnic propellant composition placed within the 
housing; (d) a filter assembly, also positioned with- 
in the inflator housing, outwardly adjacent the pro- 
pellant composition, for cooling and filtering the 

70 gaseous products produced by the combustion of 
the propellant; (e) an igniter apparatus adapted to 
initiate combustion of the propellant, and (f) a lock- 
ing ring configured to maintain a rolled lip portion 
of the diffuser member in position against a periph- 

fs eral edge of the closure member hen inflator 10 is 
activated, thus creating a seal between the diffuser 
and the closure plate member. 

Of the elements described above, diffuser 
member 12 and locking ring 16, are clearly illus- 

20 trated in FIG. 1. Ring 16 fits circumferentially within 
skirt portion 14 of diffuser member 12, after skirt 14 
is rolled radially inwardly over the outer peripheral 
edge of closure plate member 15 by a rotating 
mechanical head. Also illustrated are electrical 

26 leads 18a, b which connected a remote sensing 
device (not shown), capable of sensing a primary 
impact between the automobile and another object, 
- to the igniter, i.e.. squib, apparatus, which ignites 
the main propellant composition in response to a 

30 signal from the remote sensor. 

As illustrated in FIG, 1. the housing of inflator 
10 is constructed in the form of a domed pressure 
vessel, since this design is well known among 
those or ordinary skill in the art as providing the 

35 optimum shape for containing a pressurized at- 
mosphere, such as that which is produced when 
the propellant composition within the inflator hous- 
ing is ignited. Moreover, this domed design also 
permits the use of an inflator having a smaller 

40 diameter than heretofore considered possible, with- 
out a concurrent need to thicken the inner support 
walls of the device, thus providing an apparatus 
having a lower weight than those currently avail- 
able. 

45 More specifically, FIG. 1 depicts diffuser 12, 

which forms an upper (I.e., closest to the driver) 
portion of the inflator housing. Diffuser 1 2 is closed 
at one end by a domed roof portion 20 whereas the 
opposite end, configured in the shape of an ex- 

50 tended arcuate skirt 14, extends substantially per- 
pendicularly, to roof portion 20, prior to assembly 
with closure plate member 15. The circumferential 
walls 24 of diffuser 12 further define a plurality of 
diffuser ports 22. Ports 22 are spaced equldistantly 

56 around wall 24 which defines the peripheral circum- 
ferential boundary of diffuser 12. Each diffuser port 
22 communicates through outer wall 24 of diffuser 
12 with combustion chamber within the inflator 
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housing through an abutting annular filter assembly 
located within the housing (discussed below in de- 
tail) which is interposed therebetween. 

One advantage of the present inflator configu- 
ration over existing inflators lies in the simplicity of 
its construction and the ease with which it may be 
assembled. In a first step, the filter ring assembly 
is simply lowered into position within diffuser 12 
through the open end thereof. Next, the propellent 
is lowered into the cavity defined by the filter 
assembly. The closure member 1 5 (not shown) is 
then mated with the open end of diffuser 12 and 
sealed thereto by rolling the diffuser lip, i.e., skirt 
portion 14, over the edge of closure plate 15 such 
that diffuser skirt 14 is turned radially inwardly at 
an angle of substantially 180' to outer wall 24 by 
mechanical rolling means. Such rolling means are 
well known among those of ordinary skill in the art. 

In the prior art. the diffuser/closure assembly 
process is nonmally carried out, as discussed 
above, by welding these two components together. 
This practice, however, necessitates the inclusion 
of thick, i.e., heavy, walls or support members 
within the interior of the generator housing, which 
are clearly unnecessary in the present device. In 
addition, a costly time-consuming inspection is also 
required to detenmine the integrity of every weld. 
This weld inspection step requires an expensive X- 
ray device and a trained operator to carry out these 
inspections. Applicant has therefore adopted the 
mechanical rolled lip seal described above which 
obviates the need for welding the housing of infla- 
tor 10. 

Applicant's rolled lip arrangement also provides 
a much stronger seat than that obtained by merely 
crimping the metal parts together, a technique also 
extensively practiced in the prior art. This in- 
creased strength Is due to the fact that applicant's 
rolled lip closure technique provides a continuous 
seal having a uniform strength, whereas crimping 
or petaling the metal edge of diffuser lip 14 over 
closure plate member 15 creates a discontinuous 
seal, varying in strength along Its length, which is 
likely to open explosively when subjected to the 
effect of pressurized gasses attempting to escape 
from the inflator housing during activation of gener- 
ator 10. 

The inflator housing is preferably formed of 
parts constructed of a strong, lightweight metal, 
such as 201 or 301 stainless steel. Metals such as 
titanium may also be utilized, although the most 
preferred material, in view of cost, strength and 
ease of manufacture, is aluminum. One disadvan- 
tage with the use of the latter material, however, is 
that a seal between aluminum components (i.e.. 
diffuser 12 and closure plate member 15) Is not as 
strong as that produced between materials having 
a higher tensile strength, such as the aforemen- 



tioned stainless steel. 

Applicant thus utilizes locking ring 16 with infla- 
tor 10 to ensure the integrity of the seal when 
aluminum components are used to form the inflator 

6 housing. Ring 16 is pressed into the inner periph- 
ery of rolled lip 14 to prevent It from unrolling when 
Inflator 10 is fired. Moreover, ring 16 is configured 
to have a narrow V-shaped groove (see, e.g., FIG. 
4) adapted to snap over an outer edge of lip 14 

10 when ring 16 is pressed downwardly toward clo- 
sure plate member 15. Applicant has determined, 
however, that ring 16, although useful In forming a 
tight structural seal with aluminum components. Is 
not required in order to permit Inflator 10 to op- 

75 erate, even when the housing thereof is construct- 
ed of aluminum. Thus, although ring 16 is not 
required, it has been added to the device by ap- 
plicant as a redundant safety feature. Ring 16 may 
also be used with steel and/or titanium Inflators as 

20 well for the same purpose. 

Furthermore, with the use of the presently de- 
scribed rolled lip process for sealing the inflator 
housing, there is no longer any necessity to utilize 
back-up sealing means for inflator 10 such as are 

25 often employed in the prior art Such mens include 
crimping or riveting the diffuser and the closure to 
ensure a tight seal between these components. 
Thus, applicant's rolled Hp sealing technique re- 
sults in a further saving in both time and energy as 

30 well as in parts costs. Moreover, the application of 
the presently described assembly process also 
permits the use of inexpensive forged metal parts 
rather than more expensive machined components 
for both diffuser 12 nd closure member 15. 

35 FIG. 2 illustrates a transverse section view 

through inflator 10. depicting the intemal features 
or the unit. Among the aspects illustrated in FIG. 2 
is the combustion initiating means by which the 
ignition of pyrotechnic gas generating composition 

40 26 is commenced. The initiating means preferably 
comprises an electrically activated squib 28. which 
contains a small charge of an electrically ignitable 
combustible material. Squib 28 is connected by 
leads 18a.b to at least one remote sensing device 

45 (not shown), of a type well-known in the art. Such 
sensing devices may be located, for example, in 
the front bumper and/or, side fenders of the auto- 
mobile. 

Within inflator 10. squib 28 may, for example. 

50 be threaded through an aperture 40 defined by 
closure member 15. In the preferred method, it 
may be "potted", i.e. glued, within aperture 40 by 
the use of an epoxy 30. Squib 28 is positioned 
within inflator 10 between two shoulders 32 fonned 

55 by the surface of closure 15. Leads 18a,b extend 
outwardly from inflator 10 through aperture 40 to 
connect with one or more remote sensing devices 
described above. 
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In the interior of the Inflator housing, an upper 
portion of squib 28 abuts against enhancer packet 
34, containing a quantity of a gas-generating ma- 
terial, such as a mixture of boron and potassium 
nitrate. i,e.. BKNOa 36. which is preferably em- 
ployed in powdered form to provide the maximum 
available burning surface for the fastest possible 
response. Other rapidly combustible materials 
known to those skilled in the art may also be 
utilized for the same purpose but applicant has 
consistently obtained favorable results with the use 
of BKNOs. In operation, upon an electrical signal 
from one or more of the remote sensors (not 
shown), the resultant discharge heats a wire strand 
(not shown) within squib 28. The heated wire ig- 
nites a propellant charge within the body of squib 
28. A stream of hot gasses produced by this com- 
bustion is then directed Into enhancer packet 34 
due to the orientation of squib 28. whereupon the 
powdered BKNOa mixture 36 begins to bum. 

However, while BKNO3 36 is very successful in 
igniting the main propellant charge 26. it suffers 
from a serious deficiency in that the autoignition 
temperature of this material is extremely high. i.e.. 
from about 600-700* F. Since the compositions 
chosen for main propellant charge 26 of inflator 10 
Ignite at an even higher temperature in the con- 
ditions normally encountered in, for example, a car 
fire, the BKNOa within the unit would be at a 
temperature In excess of 600* F before ignition 
would take place. 

In such a situation, the generator housing 
would be subjected to even higher temperatures. 
i.e.. in the range of from 800-900* F, and main 
propellant charge 26 would also be at a high tem- 
perature, perhaps 400-500 *F. Under these con- 
ditions, as controlled by laws of temperature and 
pressure well known to those skilled in the propel- 
lant art. propellant charge 26 would burn very rap- 
idly and generate gas at extremely high pressure, 
thus creating a situation wherein an explosive frag- 
mentation of the weakened generator housing (ue„ 
due to softening by the heat) becomes a distinct 
possibility. 

It is therefore preferable to incorporate an auto- 
ignition material with BKNO3 36 within enhancer 
packet 34. This material Is capable of autoignition 
at a lower temperature than BKNOa and its use 
thus results in an ignition of main propellent charge 
26 while tiiis charge is at a much lower tempera- 
ture than that described above. Thus, main propel- 
lant charge 26 burns at a much lower rate and 
produces gas at a significantiy lower pressure. 

This additional "auto ignition" material is pref- 
erably a stabilized nitrocellulose composition such 
as IMR 4895 which autoignites at a temperature of 
less than about 400 *F. The preferred material is 
produced by the DuPont Corporation, but any com- 



bustible material capable of performing in this man- 
ner would be acceptable for use in the present 
invention. 

The ultimate effect of combining such an 
5 autoignition material with, for example, a BKNO3 
enhancer composition, so as to render this mixture 
an integral part of the ignition chain, is that the 
generator housing does not become weakened due 
to a high temperature environment prior to Ignition 

70 of propellant 26. tiius diminishing or altogether 
removing the chance of an explosive overpres- 
surization. This removes one potential danger to 
passengers and/or bystanders in the event of a fire 
involving an automobile equipped with applicant's 

15 inflator device 10. 

The rapid generation of hot gasses produced 
by the combustion of the BKNOa/auto-lgnltion com- 
position mixture acts to burst the walls of enhancer 
packet 34 and permits the gas to impinge upon 

20 main propellant composition 26, preferably com- 
prising a mixture of sodium azide and at least a 
stoichiometric amount of a metal oxide such as 
copper oxide. A variety of compositions, well 
known to those of ordinary skill in the art, may be 

25 utilized as the main propellant charge 26 for inflator 
10 described herein. 

Applicant prefers, in the presently described 
generator, to use the various compositions de- 
scribed in U.S. Patent no. 3.895.098 to John F. 

30 Pietz, issued July 15, 1975 and reissued January 
26. 1988 as Re 32.584. entitled METHOD AND 
COMPOSITION FOR GENERATING NITROGEN 
GAS. The disclosure of this patent is therefore 
incorporated herein by reference. Among the pro- 

35 pellant compositions disclosed in the subject patent 
are those which comprise a mixture of sodium 
azide with a stoichiometric amount of copper oxide 
which, as noted above, is preferred. 

Alternatively, compositions substituting nickel 

40 and iron based oxidizers may be utilized, but tiiese 
materials, altiiough capable of a slightly higher 
effective gas output than the CuO/NaNa mixture 
described above, often require the addition of an 
ammonium, perchlorate bum rate enhancer to 

45 reach their full potential, as disclosed in U.S. Patent 
no. 4.604.151 issued on May 8, 1986 to Gregory 
Knowlton and John Pletz. This patent, which is 
entitied METHOD AND COMPOSITION FOR GEN- 
ERATING NITROGEN GAS INCLUDING AMMO- 

50 NIUM PERCHLORATE CATALYST, Is also incor- 
porated herein by reference. Since, however, a 
large number of different pyrotechnic compositions 
are operable within Inflator 10, the present inven- 
tion should not be limited solely to the composi- 

55 tions disclosed above. 

In the preferred embodiment of tiie present 
invention, main propellant mixture 26 is formed Into 
small pellets, approximately tiie size of aspirin tab- 
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lets. An appropriate amount of these pellets, cal- 
culated to produce a sufficient annount of gaseous 
connbustion product to inflate an attached air bag 
within 30-60 milliseconds. Is enclosed within either 
a sealed plastic bag. closed with the use of either a 
heat sealing device or an adhesive material, or 
alternatively, a foil packet, closed and sealed in the 
same manner as the plastic bag, and placed in 
diffuser 12 within the propellant cavity defined by 
filter assembly 38. 

In an alternate embodiment of the invention, 
the propellant composition is molded or extruded 
into a single porous grain which may be conformed 
to the size and shape of the propellant cavity. An 
important consideration with the use of such a 
grain, however, is to ensure that it has a sufficient 
degree of porosity so as to provide a burning 
surface of sufficient dimension to penmit the flame 
front to advance through the grain with enough 
speed to provide, within a 30-60 millisecond period, 
a volume of gas sufficient to inflate the air bag. 
Such a grain is disclosed and claimed in U.S. 
Patent no. 4.758,287 issued July 19, 1988 to John 
Pietz and entitled POROUS PROPELLANT GRAIN 
AND METHOD OF MAKING SAME, the disclosure 
of which Is also Incorporated herein by reference. 

The plastic or foil container used to hold the 
propellant mixture facilitates assembly of the infla- 
tor 10 by providing a convenient pre-weighed pack- 
age adapted for simple robotic insertion into the 
inflator housing. i\/Ioreover. the thin outer packaging 
creates no hindrance to tlie rapid expansion of the 
gasses produced by combustion of propellant 26, 
i.e.. the package is simply blown open by the gas 
as the propellant is consumed. 

As the gas is produced due to the combustion 
of propellant 26. it travels in a tortuous path 
through filter assembly 38. wherein it is cooled and 
substantially all of the molten particulates are re- 
moved, prior to exiting through diffuser ports 22 
and entering the air bag (not shown). As a result of 
following this tortuous path, there is no need to 
prefllter the gas prior to its passage through filter 
assembly 38, such as must be done in many prior 
art inflators. 

It can also be seen from FIG. 2 that annular 
filter assembly 38 is configured and positioned so 
that, when inflator 10 is fired, filter 38 becomes 
wedged between diffuser 12 and closure member 
15. That is to say that filter assembly 38 is config- 
ured on its upper and lower surfaces, respectively, 
to extend outwardly at an angle of about 1 1/2* 
greater than the internal contact angles with cor- 
responding diffuser 12 and closure 15 members. 
This creates a circular line contact between filter 
assembly 38 and diffuser 12 (along an upper sur- 
face) and with closure member 15 (on a lower 
surface) around the entire circumference of filter 



38. When inflator 10 senses the internal pressures 
created by the combustion of propellant composi- 
tion 26 filter assembly 38 is forced outwardly due 
to hoop stresses produced by the combustion, into 

5 the wedged portion of inflator 10, so as to enhance 
the seal around the edges of filter assembly 38. A 
tight sea! is thus created which prevents the gas 
produced by the comtustion of pyrotechnic mixture 
26 from driving in any direction but through filter 

10 38. 

FIG. 3 is a bottom plan view of inflator 10, 
illustrating skirt portion 14 of diffuser 12 as it ap- 
pears after being rolled over the outer peripheral 
edge of closure plate member 15 so as to form a 

76 sealing lip. This lip prevents the gasses produced 
by the combustion of main propellant charge 26 
from traveling out of Inflator 10 through any outlet 
other than diffuser ports 22. Additionally, as noted 
above, leads 18a.b from squib 28 extend outwardly 

20 through aperture 40 and communicate to a remote 
impact sensor (not shown) located elsewhere on 
the vehicle. 

FIG. 4 is a close-up view of the rolled lip 
arrangement for sealing inflator 1 0. The rolled lip is 

25 formed, as described above, with the use of a 
rotating mechanical head (not shown) which gradu- 
ally forces skirt portion 14 radially downwardly over 
the outer peripheral edge of closure plate member 
15 at an angle of about 180* to wall 24 of diffuser 

30 12. so as to provide a sufficiently strong seal 
between the subject inflator components without 
the need for welding. Such a rolled seal is much 
stronger than that obtainable by simply crimping 
the material together since a crimp would not be 

05 continuous (as is the rolled lip) and further, the 
crimping operation would subject the metal parts to 
competing stresses (not produced in the presently 
described sealing process) which may actually 
cause cracking of the metal parts, thus negating 

40 the effect of the intended seal. 

The rolled lip alone will provide a sufficiently 
strong seal when inflator 10 is constructed of a 
relatively strong metal, such as 201 or 301 stain- 
less steel. However, as noted above, in instances 

45 when the device is constructed of a material having 
less tensile strength than stainless steel, e.g.. alu- 
minum, applicant has added locking ring 16 to 
increase the safety factor of the seal. Ring 16 is 
present solely as a precaution, however, since pre- 

50 vious experimental trials have demonstrated that 
the rolled lip will remain sealed even in the event 
that inflator 10 is manufactured of aluminum or 
some other lightweight material. Ring 16 is further 
provided on its outer peripheral surface with a 

55 grooved portion configured and adapted for locking 
engagement with a terminal edge portion of skirt 14 
when it is bent over closure member 15 to form the 
sealing lip. This arrangement ensures that skirt 
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portion 14 wHI not escape the grip of locking ring 
16 and thus the ilp will not unroll during connbus- 
tion of gas generant 26 when inflator 10 is ac- 
tuated. 

FIG. 5 illustrates memters 44, 46 which inter- 
lock to form frame 45 for filter assembly 38. Mem- 
bers 44, 46 are preferably fabricated from sheet 
metal (e.g., aluminum) stampings in order to re- 
duce the total weight of inflator 10. Tabs 48 serve 
as spacers to maintain a degree of separation 
between frame members 44, 46 sufficient to permit 
the arrangement therebetween of various filtering 
elements, described below, which serve to filter the 
particulates from the gaseous product produced as 
a result of the combustion of propellant 26. RIter 
38 additionally absorbs some of the heat from the 
gas so as to cool it to a temperature approaching 
ambient. This prevents the impingement of hot 
gasses and molten particulates directly against the 
inner surface of the bag. which would likely lead to 
a failure of the bag during the inflation cycle. 

FIG. 6 is a top plan view of filter assembly 38 
as it is oriented within the housing of inflator 10 
when mounted upon an automobile steering col- 
umn. This Illustrates the appearance of filter as- 
sembly 38 when frame members 44, 46 are 
snapped together to form frame 45 and the filtra- 
tion layers, comprising, for example, coarse slag 
screen, fine screen and inert ceramic fiber are 
wound therearound. The assembly is preferably 
held together by welding the outermost screen 
layer to both frame members, 44, 46, i.e.. at the 
outer periphery of the frame, but alternate methods 
utilizing, for example, fastening means or adhe- 
sives. may also be utilized. 

FIG. 7 is a view of filter assembly 38 in per- 
spective, further illustrating the annular arrange- 
ment of this component. The outermost layer of 
screen material 60, comprising a fine (e.g.. 28 
mesh) screen, which, when filter assembly 38 is in 
position within inflator 10, abuts against the inside 
of diffuser ports 22, may be clearly seen. The 
remaining layers, comprising screens having var- 
ious mesh sizes and inert fiber pds, lie directly 
underneath layer 60 in a doughnut shaped arrange- 
ment. The pretended method of sealing assembly 
38 together, i.e„ by welding 62, may also be clear- 
ly seen. Weld 62 continues completely around both 
the top and bottom edges of filter assembly 38 to 
ensure that the components are securely sealed to 
frame members 44, 46 and to prevent disassembly 
as a result of the tremendous pressures exerted 
during ignition of propellant composition 26. 

FIG. 8 depicts a lateral cross-sectional view 
taken through fitter assembly 38, illustrating the 
filter layers. Viewing the assembly from (inner) 
frame member 46 toward outer member 48, the 
gas produced by the combustion of propellant 26 



travels over the top of member 46 and down 
through slg (i.e., coarse) screens 50, around frame 
member 48, through slag screens 52, and there- 
after through: (a) a first 100 micron screen 54; (b) 

5 fiberfrax® pad 56; (c) a second 100 micron screen 
58; and (d) two layers of fine 28 mesh screen 60. 
Upon exiting from this filter assembly, substantially 
all of the particulate material has been removed 
from the gas and the gas has been cooled to 

10 substantially approaching ambient temperature. It is 
further apparent from this view that the filter layers 
become progressively finer as the gas travels out- 
wardly through assembly 38 to ensure removal of 
even the finest particles. 

75 While it is apparent that the invention herein 

disclosed Is well calculated to fulfill the objectives 
stated above, it will be appreciated that numerous 
modifications and embodiments may be devised 
by those skilled in the art. It is intended that the 

20 appended claims cover all such modifications and 
embodiments as fall within the true spirit and scope 
of the present invention. 



25 Claims 

1. A lightweight, non-welded inflator apparatus 
which comprises: 

(a) a domed diffuser member, having a first 
30 open end and a second closed end; 

(b) a closure plate member sealing the open 
end of said diffuser member, thereby forming an 
inflator housing; 

(c) a sufficient amount of a combustible gas 
35 generant material within an interior portion of said 

housing to produce, upon ignition thereof, a volume 
of a gaseous product sufficient to substantially in- 
flate an automobile air bag within about 30-60 
milliseconds; 

40 (d) means for initiating combustion of said 

gas generant material, said initiating means posi- 
tioned within said housing adjacent said gas gener- 
ant; 

(e) means within said housing for filtering 
45 said gaseous combustion product prior to its dis- 
charge from the inflator housing, said filtering 
means circumferentially surrounding said gas 
generant material adjacent an inner wall portion of 
said housing, and adapted for cooling said gas and 

50 removing substantially all particulate matter there- 
from, 

said closure plate memter and said domed diffuser 
member being sealed together without welding ei- 
ther of said memters to form an Inflator housing 
55 capable of withstanding elevated pressures pro- 
duced by combustion of said gas generant ma- 
terial, and 

(f) means outside said housing for locking a 
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peripheral circumferential skirt portion of said dif- 
fuser member at said open end against a bottom 
surface of said closure plate member to reinforce 
said non-welded seal between said closure plate 
member and said diffuser member. 

2. The inflator apparatus of claim 1 wherein 
said peripheral circumferential skirt portion on said 
open end of said diffuser member is roiled radially 
inwardly over a corresponding peripheral circum- 
ferential edge of said closure plate member so as 
to form a rolled lip, said rolled lip creating a struc- 
tural seal between said members. 

3. The inflator apparatus of claim 2 wherein 
said skirt portion is rolled over said peripheral edge 
of said closure plate member at an angle of about 
180* to a remaining lateral wall portion of said 
diffuser member. 

4. The inflator apparatus of claim 3 wherein 
said locking means comprises a metal ring shaped 
memter configured and adapted for snap-locking 
engagement with an Inner edge portion of said 
rolled lip adjacent said closure plate member to 
prevent said lip from unrolling when said inflator is 
actuated. 

5. The inflator apparatus of claim 4 wherein 
said ring shaped memter further comprises a 
notched edge portion along an outer surface there- 
of, said notch configured for Interlocking engage- 
ment with an outer terminal edge of said roiled lip 
to reinforce said seal between said diffuser memter 
and said closure plate member. 

6. The inflator apparatus of claim 1 wherein 
both said diffuser member and said closure mem- 
ber are fed)ricated from a relatively light-weight, 
corrosion resistant, high tensile strength material. 

7. The inflator apparatus of claim 6 wherein 
said light-weight, corrosion resistant, high tensile 
strength material is selected from aluminum, 
titanium and stainless steel. 

8. The inflator apparatus of claim 1 wherein 
said diffuser member comprises a plurality of dif- 
fuser ports spaced equidistantly around the lateral 
periphery of said diffuser, said ports providing fluid 
communication between a combustion cavity within 
said inflator housing and an interior portion of an 
automobile air bag operatively associated with said 
inflator so as to permit deployment of said air bag 
upon the combustion of said gas generant material. 

9. The inflator apparatus of claim 8 wherein 
said filtration means is interposed between said 
combustion cavity and said plurality of diffuser 
ports to permit filtering and cooling of said gaseous 
product prior to the entry thereof Into said auto- 
mobile air bag. 

10. The Inflator apparatus of claim 1 wherein 
said comtustion Initiating means comprises an 
electrically actuated squib. 

11. The inflator apparatus of claim 10 wherein 



said squib is operatively associated with at least 
one remote impact sensing means, said sensing 
means capable of determining the occurence of a 
primary collision between an automobile in which it 
5 is installed and another object and producing a 
signal as a result thereof which acts to initiate 
combustion of said gas generant material. 

12. The inflator apparatus of claim 11 wherein 
said squib is secured within said inflator housing 

10 by means selected from fastening means and ad- 
hesive means, 

13. The inflator apparatus of claim 12 wherein 
said adhesive means is an epoxy composition. 

14. A lightweight non-welded pyrotechnic gas- 
15 generating inflator apparatus which comprises: 

a) a domed diffuser member having a first 
open end and a second closed end, said diffuser 
member comprising a plurality of diffuser ports 
spaced equidistantly around the . lateral periphery 
20 thereof, said ports providing fluid communication 
between a combustion cavity defined within said 
inflator and an interior portion of an automobile air 
bag operatively associated therewith so as to per- 
mit the deployment of said air bag upon combus- 
ts tion of a pyrotechnic gas generant material located 
within said inflator; 

(b) a closure plate memfc)er sealing the open 
end of said diffuser member, thus forming an infla- 
tor housing; 

30 both said diffuser member and said closure plate 
member formed of a relatively lightweight, 
conrosion-resistant, high tensile strength material, 

(c) a sufficient amount of a combustible gas 
generant material located within the combustion 

35 cavity to produce, upon ignition thereof, a volume 
of a gaseous product sufficient to substantially in- 
flate said automobile air bag within about 30-60 
milliseconds; 

(d) an electrically actuated squib adhesively 
40 secured within said housing adjacent said gas 

generant, said squib operatively associated with at 
least one remote impact sensor capable of deter- 
mining the occurence of a primary collision be- 
tween an automobile in which It is Installed and 
45 another object and producing a signal as a result 
thereof which acts to initiate combustion of said 
gas generant material; 

(e) a filter assembly within said inflator hous- 
ing, said assembly interposed between said gas 

50 generant material and said diffuser ports to permit 
filtering and cooling of said gaseous combustion 
products prior to the entry thereof into said auto- 
mobile air bag, 

said open end of said diffuser member being rolled 
55 at an angle of about 180* over an outer peripheral 
edge portion of said closure plate member toward 
a bottom suriace of said closure plate member to 
form a rolled lip, said rolled Hp creating a structural 
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seal between said members, and 

(f) a metal ring-shaped member adapted for 
snap>-locking engagement with a terminal portion of 
said rolled lip against said bottom surface of said 
closure member, said locking member further com- 
prising a notched edge portion along an outer 
surface thereof configured to engage at least an 
outer terminal end of said lip to reinforce said seal 
between said diffuser member and said closure 
plate member. 

15. The inflator apparatus of claim 14 wherein 
said filter assembly comprises: 

(a) first and second ring-shaped members 
configured to form annular filter frame means, at 
least one of said ring-shaped members having at 
least one tab member formed integrally thereupon 
and extending outwardly therefrom toward said oth- 
er ring-shaped member to maintain a predeter- 
mined spacing between said ring-shaped members 
upon the formation of said frame means; and 

(b) a plurality of filtration layers supported 
upon said filter frame means, each said filtration 
layer positioned so as to at least partially overlap a 
preceding underlying one of said filtration layers 
around an entire outer annular surface of said filter 
frame means, 

an entire upper and lower circumferential edge 
portion of both said first and said second ring- 
shaped members being adapted for obtaining a 
circular line contact with an inner portion of said 
inflator housing, said contact causing said filter 
assembly to be self-sealing against said inner 
housing portion as a result of outwardly directed 
hoop stresses produced thereupon by activation of 
said inflator. such that a gaseous combustion prod- 
uct produced thereby is prevented from bypassing 
said filter assembly and is therefore directed 
through said filtration means in a serpentine path 
so as to cool and filter said gas. 

16. The filter assembly of claim 15 wherein 
said first and said second ring shaped members 
each comprise a metal stamping with a substan- 
tially straight wail portion having a first side and a 
second side and an angled flange portion, integ- 
rally formed with said first side, extending out- 
wardly from said wall portion at an acute angle 
therefrom, said ring shaped members adapted for 
an interengaging fit therebetween to form said an- 
nular frame means. 

17. The filter assembly of claim 16 wherein 
said angled flange portion of each said ring shaped 
members extends away from the corresponding 
straight wall portion thereof at an angle of about 1 
1/2* greater than an internal contact angle between 
said filter assembly and, respectively, said diffuser 
member and said closure plate member, such that 
said filter assembly is substantially wedged against 
said inner portion of the housing to provide a gas- 



tight seal therebetween upon activation of the infla- 
tor device, 

18. The filter assembly of claim 15 wherein 
said filtration layers comprise at least two layers of 

5 a metal screen material, at least one of said screen 
layers having mesh size measurements different 
from at least one other of said screen layers, and 
at least one layer of an inert fibrous material. 

19. The filter assembly of claim 18 wherein the 
10 mesh size measurements of said at least two lay- 
ers of metal screen correspondingly decrease from 
an Inner edge of said filter assembly adjacent said 
combustion cavity to an outer edge thereof abutting 
an inner wall portion of said Inflator housing to 

75 ensure filtration of substantially all particulate ma- 
terial from said gaseous product produced upon 
activation of the inflator device. 

20. The filter assembly of claim 18 wherein 
said inert fibrous material comprises at least one 

20 ceramic fiber pad, said pad interposed between at 
least two layers of said metal screen material. 

21. The filter assembly of claim 20 wherein 
said ceramic fiber pad comprises a mixture of 
aluminum oxide and silicon oxide fibers. 

25 22. The filter assembly of claim 15 wherein 

said layer of metal screen material adjacent said 
outer edge of said filter is secured along at least 
one edge tiiereof to a corresponding adjacent edge 
surface of said ring-shaped frame members by 

30 mechanical means or adhesive means to maintain 
said filtration layers In a predetemnined arrange- 
ment. 

23. The filter assembly of claim 22 wherein 
said mechanical means comprises a weld, 

35 24. The filter assembly of claim 15 wherein 

said filter layers comprise, in order, from an inner 
edge of said filter, adjacent said combustion cavity 
to an outer edge of said filter abutting an Inner wall 
portion of said inflator housing: 

40 (a) a first layer of coarse slag screen; 

(b) a second layer of coarse slag screen; 

(c) a third layer of a 100 micron screen; 

(d) a fourth layer of an inert ceramic pad; 

(e) a fifth layer of 100 mesh screen; and 

45 (f) a sixth layer of 28 mesh screen, each 

said layer substantially overtaying each preceding 
layer and Wherein said sixth layer of said 28 mesh 
screen is substantially secured to said annular filter 
frame means along a peripheral edge thereof to 

50 maintain said filter layers in a predetenmined ar- 
rangement. 

25. The Inflator apparatus of claim 14 wherein 
said gas generant material within the combustion 
cavity of said Inflator is discreetiy packaged within 

55 container means. 

26. The inflator apparatus of claim 25 wherein 
said container means comprises a sealed packet 
formed of a material selected from plastic and a 



21 



EP 0 369 579 A1 



metai foil. 

27. The inflator apparatus of claim 26 wherein 
said packet is sealed by means selected from 
fastening means, adhesive means and heat sealing 
means. ^ 

28. The inflator apparatus of claim 14 wherein 
said gas generant material comprises an alkali met- 
al or an alkaline earth metal azide and at least a 
stoichiometdc amount of a metal oxide. 

29. The inflator apparatus of claim 28 wherein io 
said gas generant material comprises a mixture of 
sodium azide and at least a stoichiometric amount 

of copper oxide. 

30. The inflator apparatus of claim 14 which 
further comprises means for enhancing the speed 75 
of combustion of said generant material. 

31. The inflator apparatus of claim 30 wherein 
said combustion enhancing means comprises a 
separate enhancer packet located within said com- 
bustion cavity adjacent said squib, said enhancer 20 
packet containing a substantially homogeneous* 
mixture of an Ignition enhancing material and an 
auto-ignition composition. 

32. The Inflator apparatus of claim 31 wherein 
said ignition enhancing material comprises BKNOa 25 
and said auto-ignition materiai is a stabilized ni- 
trocellulose composition. 

33- The inflator apparatus of claim 14 wherein 
said gas generant material is present within said 
Inflator housing in the form of a quantity of pressed 30 
tablets. 

34. The inflator apparatus of claim 14 wherein 
said gas generant material is present within said 
inflator housing as a single porous propellent grain 
having a plurality of randomly oriented radially and 35 
longitudinally interconnected channels of various 
diameters extending entirely through said grain to 
increase the burning surface thereof. 

35. A lightweight non-welded pyrotechnic gas- 
generating inflator apparatus which comprises: 40 

(a) a domed diffuser member having a first 
open end and a second closed end, said diffuser 
member comprising a plurality of diffuser ports 
spaced equidistantly around the lateral periphery 
thereof, said ports providing fluid communication 45 
between combustion cavity defined within said in- 
flator and an interior portion of an automobile air 

bag operatively associated with said inflator so as 
to permit the deployment of said air bag upon 
combustion of a pyrotechnic gas generant material so 
stored within said inflator; 

(b) a closure plate member sealing the open 
end of said diffuser member, thus forming an infla- 
tor housing; 

wherein said open end of said diffuser member is 55 
rolled over an outer peripheral edge portion of said 
closure plate member at an angle of about 180* to 
a remaining lateral wall portion of said diffuser 



member toward a botom surface of said closure 
plate member to form a rolled lip thereover, said 
rolled lip creating a structural seal between said 
diffuser member and said closure member, both 
said diffuser member and said closure plate mem- 
ber fomned of a relatively lightweight, conrosion- 
resistant, high tensile strength material 

(c) a sufficient amount of a combustible gas 
generant material discreetly packaged within the 
combustion cavity to produce, upon ignition there- 
of, a volume of a gaseous product sufficient to 
substantially inflate said automobile air bag within 
about 30-60 milliseconds; 

(d) an electrically actuated squib adhesively 
secured within said housing, said squib operatively 
associated with at least one remote impact sensor 
capable of determining the occurence of a primary 
collision between an automobile in which it is in- 
stalled and another object and producing a signal 
as a result thereof which acts to Initiate combustion 
of said gas generant material; 

(e) a filter assembly within said inflator hous- 
ing, said assembly interposed between said gas 
generant material and said diffuser ports to permit 
filtering and cooling of said gaseous combustion 
products prior to the entry thereof into said auto- 
mobile air bag. said filter assembly comprising 

(1) first and second ring-shaped members config- 
ured to form annular filter frame means, at least 
one of said ring-shaped members having at least 
one tab member formed integrally thereupon and 
extending outwardly therefrom toward said other 
ring-shaped member to maintain a predetermined 
spacing between said ring-shaped members upon 
the formation of said frame means; and 

(2) a plurality of filtration layers supported upon 
said filter frame means, each said filtration layer 
positioned so as to at least partially overlap a 
preceding underlying one of said filtration layers 
around an entire outer annular surface of said filter 
frame means. 

an entire upper and k>wer circumferential edge 
portion of both said first and said second ring- 
shaped members being adapted for obtaining a 
circular line contact with an inner portion of said 
inflator housing, thus causing said filter assembly 
to be self-sealing against said inner housing portion 
as a result of outwardly directed hoop stresses 
produced thereupon by activation of said inflator, 
such that a gaseous combustion product produced 
thereby is prevented from bypassing said filter 
assembly and is therefore directed through said 
filtration means in a serpentine path so as to cool 
and filter said gas, and 

(f) a ring-shaped member configured and 
adapted for snap-locking engagement with a termi- 
nal portion of said rolled lip against said bottom 
suriace said closure member, said locking mem- 
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ber further comprising a notched edge portion 
along an outer surface thereof configured to en- 
gage at least an outer terminal end of said lip. 

36. A method for constructing a lightweight 
non-welded inflator apparatus for Installation in an s 
automobile passive safety device, said method 
comprising: 

(a) forging a diffuser member of a material 
which is relatively lightweight, corrosive resistant 

and having a high tensile strength, said diffuser to 
member having a first domed end and a second 
open end; 

(b) lowering the filter assembly of claim 15 
through said open end of said diffuser member and 
into position therein; 

(c) lowering a discreetly packaged propellant 
assembly into a combustion cavity within said dif- 
fuser member defined by said filter assembly; 

(d) forging a substantially fiat closure plate 
member for sealing the open end of said diffuser 20 
member; 

(e) mating the closure plate member to the 
open end of the diffuser memben 

(f) rolling said open end of said diffuser 
memter adjacent said closure plate member at an 25 
angle of about I8O' over an outer peripheral edge 
portion of said closure plate member toward a 
bottom surface of said closure plate member to 
form a rolled lip thereover, said rolled lip fonming a 
structural seal between said diffuser member and 30 
said closure memter; and 

(g) locking a terminal portion of said lowered 
lip against said closure member to reinforce said 
seal between said members. 
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